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                \begin{document}$$\mathrm {\tau }$$\end{document}$ leptons are important experimental signatures at the CERN LHC. In particular, the recently reported observation of decays of standard model (SM) Higgs bosons ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }$$\end{document}$ leptons \[[@CR4]\] suggests additional searches in the context of new charged \[[@CR5]--[@CR8]\] and neutral \[[@CR9]--[@CR17]\] Higgs bosons, lepton-flavor violation \[[@CR18]--[@CR20]\], supersymmetry \[[@CR21]--[@CR28]\], leptoquarks \[[@CR29], [@CR30]\], extra spatial dimensions \[[@CR31], [@CR32]\], and massive gauge bosons \[[@CR33]--[@CR35]\].
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                \begin{document}$$\mathrm {\tau }$$\end{document}$ lepton usually decays before reaching the innermost detector. Approximately two thirds of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }$$\end{document}$ leptons decay into a hadronic system and a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }$$\end{document}$ neutrino. Constrained by the $\documentclass[12pt]{minimal}
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                \begin{document}$$1.777\hbox { GeV}$$\end{document}$, the hadronic system is characterized by low particle multiplicities, typically consisting of either one or three charged pions or kaons, and up to two neutral pions. The hadrons produced in $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }$$\end{document}$ lepton decays into an electron or muon and two neutrinos with a probability of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }\rightarrow \mathrm {\mu }\nu \nu $$\end{document}$ decays by $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }_{\mathrm {\mu }} $$\end{document}$, to distinguish them from prompt electrons and muons, respectively. The hadronic system produced in a $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }\rightarrow \text{ hadrons } + \nu _{\mathrm {\tau }}$$\end{document}$ decay is denoted by the symbol $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\mathrm {h} $$\end{document}$.

The Drell--Yan (DY) \[[@CR36]\] production of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {q}\bar{\mathrm {q}}\rightarrow \mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$) is interesting for several reasons. First, the process $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ represents a reference signal to study the efficiency to reconstruct and identify $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\mathrm {h} $$\end{document}$, as well as to measure the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ energy scale. Moreover, $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ production constitutes the dominant irreducible background to analyses of SM $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {H} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ events, and to searches for new resonances decaying to $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }$$\end{document}$ lepton pairs. The cross section for DY production exceeds the one for SM $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {H} $$\end{document}$ production by about two orders of magnitude. Signals from new resonances are expected to be even more rare. It is therefore important to control with a precision reaching the sub-percent level the rate for $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ production, as well as its distribution in kinematic observables. In addition, the reducible backgrounds relevant for the study of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ are also relevant for studies of SM $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {H} $$\end{document}$ production and to searches for new resonances.

This paper reports a precision measurement of the inclusive $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {p}\rightarrow \mathrm {Z}/\gamma ^{*} \text {+X} \rightarrow \mathrm {\tau }\mathrm {\tau }\text {+X}$$\end{document}$ cross section. The measurement demonstrates that $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ production is well understood, and provides ways to validate techniques relevant in future analyses of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }$$\end{document}$ lepton production. Most notably, a method based on control samples in data is introduced for determining background contributions arising from the misidentification of quark or gluon jets as $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\mathrm {h} $$\end{document}$. Measurements of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ energy scale \[[@CR37]\] are obtained as byproducts of the analysis.

The cross section for DY production of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {\tau }$$\end{document}$ lepton pairs was previously measured by the CMS and ATLAS experiments in proton-proton ($\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s} = 7\hbox { TeV}$$\end{document}$ at the LHC \[[@CR38], [@CR39]\], and in proton--antiproton collisions at $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s} = 1.96\hbox { TeV}$$\end{document}$ by the CDF and D0 experiments at the Fermilab Tevatron \[[@CR40]--[@CR42]\]. In this study, we present the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {p}\rightarrow \mathrm {Z}/\gamma ^{*} \text {+X} \rightarrow \mathrm {\tau }\mathrm {\tau }\text {+X}$$\end{document}$ cross section measured at $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s} = 13\hbox { TeV}$$\end{document}$, using data recorded by the CMS experiment, corresponding to an integrated luminosity of $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {H} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ analysis, and found to be the least sensitive of these channels \[[@CR43]\]. The $\documentclass[12pt]{minimal}
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The paper is organized as follows. The CMS detector is described briefly in Sect. [2](#Sec2){ref-type="sec"}. Section [3](#Sec3){ref-type="sec"} describes the data and the Monte Carlo (MC) simulations used in the analysis. The reconstruction of electrons, muons, $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _\mathrm {h} $$\end{document}$, and jets, along with various kinematic quantities, is described in Sect. [4](#Sec4){ref-type="sec"}. Section [5](#Sec5){ref-type="sec"} details the selection of events in the different decay channels, followed in Sect. [6](#Sec6){ref-type="sec"} by a description of the procedures used to estimate background contributions. The systematic uncertainties relevant for the measurement of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {p}\rightarrow \mathrm {Z}/\gamma ^{*} \text {+X} \rightarrow \mathrm {\tau }\mathrm {\tau }\text {+X}$$\end{document}$ cross section are described in Sect. [7](#Sec13){ref-type="sec"}, and the extraction of the signal is given in Sect. [8](#Sec14){ref-type="sec"}. The results are presented in Sect. [9](#Sec15){ref-type="sec"}, and the paper concludes with a summary in Sect. [10](#Sec16){ref-type="sec"}.

The CMS detector {#Sec2}
================

The central feature of the CMS apparatus is a superconducting solenoid of $\documentclass[12pt]{minimal}
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                \begin{document}$$6\hbox { m}$$\end{document}$ internal diameter, providing a magnetic field of $\documentclass[12pt]{minimal}
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                \begin{document}$$3.8\hbox { T}$$\end{document}$. A silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator hadron calorimeter (HCAL), each composed of a barrel and two endcap sections, are positioned within the solenoid volume. The silicon tracker measures charged particles within the pseudorapidity range $\documentclass[12pt]{minimal}
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                \begin{document}$$30\,\upmu \hbox {m}$$\end{document}$ in their respective transverse and longitudinal impact parameters relative to their points of origin \[[@CR44]\]. The ECAL is a fine-grained hermetic calorimeter with quasi-projective geometry, segmented in the barrel region of $\documentclass[12pt]{minimal}
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Data and Monte Carlo simulation {#Sec3}
===============================
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Minimum bias events generated with [pythia]{.smallcaps} are overlaid on all simulated events to account for the presence of additional inelastic $\documentclass[12pt]{minimal}
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Event reconstruction {#Sec4}
====================

The information provided by all CMS subdetectors is employed in a particle-flow (PF) algorithm \[[@CR69]\] to identify and reconstruct individual particles in the event, namely muons, electrons, photons, charged and neutral hadrons. These particles are then used to reconstruct jets, $\documentclass[12pt]{minimal}
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Electrons are reconstructed using an algorithm \[[@CR70]\] that matches trajectories in the silicon tracker to energy depositions in the ECAL. Trajectories of electron candidates are reconstructed using a dedicated algorithm that accounts for the emission of bremsstrahlung photons. The energy loss due to bremsstrahlung is determined by searching for energy depositions in the ECAL emitted tangentially to the track. A multivariate (MVA) approach based on boosted decision trees (BDT) \[[@CR71]\] is employed to distinguish electrons from hadrons that mimic electron signatures. Observables that quantify the quality of the electron track, the compactness of the electron cluster in directions transverse and longitudinal relative to the electron motion, and the matching of the track momentum and direction to the sum and positions of energy depositions in the ECAL are used as inputs to the BDT. The BDT is trained on samples of genuine and false electrons, produced in MC simulation. Additional requirements are applied to remove electrons originating from photon conversions.

The identification of muons is based on linking track segments reconstructed in the silicon tracking detector and in the muon system \[[@CR72]\]. The matching is done both by starting from a track in the muon system and starting from a track in the inner detector. When a link is established, the track parameters are refitted using the combination of hits in the inner and outer detectors, and the reconstructed trajectory is referred to as a global muon track. Quality criteria are applied on the multiplicity of hits, the number of matched segments, and the quality of the fit to a global muon track, the latter being quantified through a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^{2}$$\end{document}$ criterion.

Electrons and muons in signal events are expected to be isolated, while leptons from heavy flavour (charm and bottom quark) decays, as well as from in-flight decays of pions and kaons, are often reconstructed within jets. Isolated leptons are distinguished from leptons in jets through a sum, denoted by the symbol $\documentclass[12pt]{minimal}
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                \begin{document}$$\varDelta R < 0.015$$\end{document}$ of the direction of the electron, to avoid counting photons emitted in bremsstrahlung and tracks originating from the conversion of such photons. As the amount of material that electrons traverse in the barrel region before reaching the ECAL is smaller, the resulting probability for bremsstrahlung emission and photon conversion is sufficiently reduced so as not to require exclusion of particles in the innermost cone from the isolation sum. Efficiency loss due to pileup is kept minimal by considering only charged particles originating from the lepton production vertex ("charged from PV"). The contribution from the neutral component of pileup to the isolation of the lepton is taken into account by means of $\documentclass[12pt]{minimal}
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Collision vertices are reconstructed using a deterministic annealing algorithm \[[@CR73], [@CR74]\], with the reconstructed vertex position required to be compatible with the location of the LHC beam in the *x*--*y* plane. The primary collision vertex (PV) is taken to be the vertex that has the maximum $\documentclass[12pt]{minimal}
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Event selection {#Sec5}
===============

The events selected in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {e}} \tau _\mathrm {h} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {\mu }} \tau _\mathrm {h} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} \tau _\mathrm {h} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {e}} \mathrm {\tau }_{\mathrm {\mu }} $$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {\mu }} \mathrm {\tau }_{\mathrm {\mu }} $$\end{document}$ channels are recorded by combining single-electron and single-muon triggers, triggers that are based on the presence of two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidates in the event, and triggers based on the presence of both an electron and a muon.

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {e}} \tau _\mathrm {h} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {\mu }} \tau _\mathrm {h} $$\end{document}$ channels utilize single-electron and -muon triggers with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ thresholds of 23 and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$18\,\text {GeV} $$\end{document}$, respectively. Selected events are required to contain an electron of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 24\,\text {GeV} $$\end{document}$ or a muon of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 19\,\text {GeV} $$\end{document}$, both with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.1$$\end{document}$, and a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidate with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 20\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.3$$\end{document}$. The electron or muon is required to pass an isolation requirement of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$I_{\ell } < 0.10 \, p_{\mathrm {T}}^{\,\ell } $$\end{document}$, computed according to Eq. ([1](#Equ1){ref-type=""}). The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidate is required to pass the moderate WP of the MVA-based $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ ID discriminant, and to have a charge opposite to that of the electron or muon. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidate is further required to pass a tight or minimal requirement on the discriminant that separates hadronic $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }$$\end{document}$ decays from electrons, and a minimal or tight selection on the discriminant that separates $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ from muons. Background arising from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {W}$$\end{document}$+jets and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {t}\overline{\mathrm {t}}$$\end{document}$ production is reduced by requiring the transverse mass of electron or muon and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}}^{\ \text {miss}} $$\end{document}$ to satisfy $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm {T}} < 40\,\text {GeV} $$\end{document}$. The transverse mass is defined by:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} m_{\mathrm {T}} = \sqrt{2 \, p_{\mathrm {T}}^{\,\ell } \, E_{\mathrm {T}}^{\text {miss}} \, \left( 1 - \cos \varDelta \phi \right) }, \end{aligned}$$\end{document}$$where the symbol $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell $$\end{document}$ refers to the electron or muon, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varDelta \phi $$\end{document}$ denotes the angle in the transverse plane between the lepton momentum and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}}^{\ \text {miss}} $$\end{document}$ vector. Events containing additional electrons with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 10\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.5$$\end{document}$, or muons with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 10\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.4$$\end{document}$, passing minimal identification and isolation criteria, are rejected to reduce backgrounds from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {e}\mathrm {e}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\mu }\mathrm {\mu }$$\end{document}$ events, and from diboson production.

A trigger based on the presence of two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidates is used to record events in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} \tau _\mathrm {h} $$\end{document}$ channel. The trigger selects events containing two isolated calorimeter energy deposits at the L1 trigger stage, which are subsequently required to pass a simplified version of the PF-based offline $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ reconstruction at the high-level trigger stage. The latter applies additional isolation criteria. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ threshold for both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidates is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$35\,\text {GeV} $$\end{document}$. The trigger efficiency increases with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$, because different algorithms are used to reconstruct the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ at the L1 trigger stage and in the offline reconstruction. The trigger reaches an efficiency plateau of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\approx }\,80\%$$\end{document}$ for events in which both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidates have $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 60\,\text {GeV} $$\end{document}$. Selected events are required to contain two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ candidates with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 40\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.1$$\end{document}$ that have opposite charge and satisfy the tight WP of the MVA-based $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ ID discriminant, as well as the minimal criteria on the discriminants used to separate $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _\mathrm {h} $$\end{document}$ from electrons and muons. Events containing electrons with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 10\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.5$$\end{document}$ or muons with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 10\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.4$$\end{document}$, passing minimal identification and isolation criteria, are rejected to avoid overlap with the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {e}} \tau _\mathrm {h} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {\mu }} \tau _\mathrm {h} $$\end{document}$ channels.

Events in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {e}} \mathrm {\tau }_{\mathrm {\mu }} $$\end{document}$ channel are recorded with the triggers based on the presence of an electron and a muon. The acceptance for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ signal is increased by using two complementary triggers. The first trigger selects events that contain an electron with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 12\,\text {GeV} $$\end{document}$ and a muon with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 17\,\text {GeV} $$\end{document}$, while events containing an electron with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 17\,\text {GeV} $$\end{document}$ and a muon with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 8\,\text {GeV} $$\end{document}$ are recorded through the second trigger. The offline event selection demands the presence of an electron with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 13\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\vert \eta \vert < 2.5$$\end{document}$, in conjunction with a muon of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 10\,\text {GeV} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |< 2.4$$\end{document}$. Either the electron or the muon is required to pass a threshold of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 18\,\text {GeV} $$\end{document}$, to ensure that at least one of the two triggers is fully efficient. Electrons and muons are further required to satisfy isolation criteria of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$I_{\ell } < 0.15 \, p_{\mathrm {T}}^{\,\ell } $$\end{document}$, and to have opposite charge. Background from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {t}\overline{\mathrm {t}}$$\end{document}$ production is reduced through a cutoff on a topological discriminant \[[@CR86]\] based on the projections:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} P_{\zeta }^{\,\text {miss}} = {\vec p}_{\mathrm {T}}^{\ \text {miss}} \cdot \hat{\zeta } \qquad \text{ and } \qquad P_{\zeta }^{\,\text {vis}} = \left( {\vec p}_{\mathrm {T}}^{\ \mathrm {e}} + {\vec p}_{\mathrm {T}}^{\ \mu } \right) \cdot \hat{\zeta }, \end{aligned}$$\end{document}$$where the symbol $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hat{\zeta }$$\end{document}$ denotes a unit vector in the direction of the bisector of the electron and muon $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}} $$\end{document}$ vectors. The discriminator takes advantage of the fact that the angle between the neutrinos and the visible $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }$$\end{document}$ lepton decay products is typically small, causing the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}}^{\ \text {miss}} $$\end{document}$ vector in signal events to point in the direction of the visible $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }$$\end{document}$ decay products, which is often not true for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {t}\overline{\mathrm {t}}$$\end{document}$ background. Selected events are required to satisfy the condition $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {miss}}- 0.85 \, P_{\zeta }^{\,\text {vis}} > -\,20\,\text {GeV} $$\end{document}$. The reconstruction of the projections $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {miss}} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {vis}} $$\end{document}$ is illustrated in Fig. [1](#Fig1){ref-type="fig"}. The figure also shows the distribution in the observable $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {miss}}- 0.85 \, P_{\zeta }^{\,\text {vis}} $$\end{document}$ for events selected in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {e}} \mathrm {\tau }_{\mathrm {\mu }} $$\end{document}$ channel before that condition is applied.Fig. 1(Left) Construction of the projections $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {miss}} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {vis}} $$\end{document}$, and (right) the distribution in the observable $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {miss}}- 0.85 \, P_{\zeta }^{\,\text {vis}} $$\end{document}$ for events selected in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {e}} \mathrm {\tau }_{\mathrm {\mu }} $$\end{document}$ channel, before imposing the condition $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }^{\,\text {miss}}- 0.85 \, P_{\zeta }^{\,\text {vis}} > -\,20\,\text {GeV} $$\end{document}$. Also indicated is the separation of the background into its main components. The sum of background contributions from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {W}$$\end{document}$+jets, single top quark, and diboson production is referred to as "electroweak" background. The symbols $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}} ^{\ \nu (\mathrm {e})}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}} ^{\ \nu (\mathrm {\mu })}$$\end{document}$ refer to the vectorial sum of transverse momenta of the two neutrinos produced in the respective $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }\rightarrow \mathrm {e}\nu \nu $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }\rightarrow \mathrm {\mu }\nu \nu $$\end{document}$ decays

The events selected in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\tau }_{\mathrm {\mu }} \mathrm {\tau }_{\mathrm {\mu }} $$\end{document}$ channel are recorded using a single-muon trigger with a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ threshold of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$18\,\text {GeV} $$\end{document}$. The two muons are required to be within the acceptance of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\vert \eta \vert < 2.4$$\end{document}$, and to have opposite charge. The muons of higher and lower $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ are required to satisfy the conditions of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 20$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$> 10\,\text {GeV} $$\end{document}$, respectively. Both muons are required to pass an isolation criterion of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$I_{\mathrm {\mu }} < 0.15 \, p_{\mathrm {T}} ^{\,\mathrm {\mu }}$$\end{document}$. The large background arising from DY production of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {\mu }$$\end{document}$ pairs is reduced by requiring the mass of the two muons to satisfy $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm {\mu }\mathrm {\mu }} < 80\,\text {GeV} $$\end{document}$, and through the application of a cutoff on the output of a BDT trained to separate the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\tau }\mathrm {\tau }$$\end{document}$ signal from the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {Z}/\gamma ^{*} \rightarrow \mathrm {\mu }\mathrm {\mu }$$\end{document}$ background. The following observables are used as BDT inputs: the ratio of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ of the dimuon system to the scalar $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$ sum of the two muons ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^{\,\mathrm {\mu }\mathrm {\mu }} / \sum p_{\mathrm {T}} ^{\,\mathrm {\mu }}$$\end{document}$), the pseudorapidity of the dimuon system ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\eta _{\mathrm {\mu }\mathrm {\mu }}$$\end{document}$), the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\mathrm {T}}^{\text {miss}} $$\end{document}$, the topological discriminant $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{\zeta }$$\end{document}$, computed according to Eq. ([4](#Equ4){ref-type=""}), and the azimuthal angle between the muon of positive charge and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}}^{\ \text {miss}} $$\end{document}$ vector, denoted by the symbol $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varDelta \phi (\mathrm {\mu }^{+}, {\vec p}_{\mathrm {T}}^{\ \text {miss}})$$\end{document}$. The angle between the muon of negative charge and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\vec p}_{\mathrm {T}}^{\ \text {miss}} $$\end{document}$ vector, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varDelta \phi (\mathrm {\mu }^{-}, {\vec p}_{\mathrm {T}}^{\ \text {miss}})$$\end{document}$, is not used as BDT input, as it is strongly anticorrelated with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varDelta \phi (\mathrm {\mu }^{+}, {\vec p}_{\mathrm {T}}^{\ \text {miss}})$$\end{document}$.

We refer to the events passing the selection criteria detailed in this Section as belonging to the "signal region" (SR) of the analysis.

Background estimation {#Sec6}
=====================

The accuracy of the background estimate is improved by determining from data the contributions from the main backgrounds, as well as from backgrounds that are difficult to model through MC simulation. In particular, the background from multijet production falls into the latter category. In the $\documentclass[12pt]{minimal}
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The background estimates are summarized in Table [1](#Tab1){ref-type="table"}. The quoted uncertainties represent the quadratic sum of statistical and systematic sources.Table 1Expected number of background events in the $\documentclass[12pt]{minimal}
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Imprecisely measured or imperfectly simulated effects can alter the normalization and distribution of the $\documentclass[12pt]{minimal}
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The systematic uncertainties are summarized in Table [2](#Tab2){ref-type="table"}. The table also quantifies the impact that each systematic uncertainty has on the measurement of the $\documentclass[12pt]{minimal}
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A Validation of background model in event categories {#Sec17}
====================================================

The validity of the background estimation described in Sect. [6](#Sec6){ref-type="sec"} is checked in event categories that are relevant for the SM $\documentclass[12pt]{minimal}
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